≤ 2.8 GeV, covering 97% of the total spectrum, where c.m.s is the center of mass system. Using 605 fb −1 of data, we obtain in the rest frame of the B-meson B(B → Xsγ : E B γ > 1.7 GeV) = (3.31 ± 0.19 ± 0.37 ± 0.01) × 10 −4 , where the errors are statistical, systematic and from the boost correction needed to transform from the rest frame of the Υ(4S) (c.m.s) to that of the B-meson, respectively. We also measure the first and second moments of the photon energy spectrum as functions of various energy thresholds, which extend down to 1.7 GeV. The results are preliminary. Radiative B-meson decays may offer a view of phenomena beyond the Standard Model of particle physics (SM). In the SM, these decays proceed via a flavor changing neutral current (FCNC) decay, which consists of a loop process. Yet to be discovered particles, such as charged Higgs or supersymmetric particles, may be produced virtually in the loop and produce a measureable deviation from the branching fraction predicted by the SM.
The predictions of the branching fraction at order α 2 s (NNLO -next to next to leading order) (3.15 ± 0.23) × 10 −4 [1] , (2.98 ± 0.26) × 10 −4 [2] and the average of experiment measured values (3.55 ± 0.26) × 10 −4 [3] are in tacit agreement. An updated experimental measurement would further test this agreement, and, moreover, give stronger constraints on extensions to the SM e.g. Minimal Supersymmetric Standard Model [4] and left-right symmetric models [5, 6] .
The photon energy spectrum is also of great importance. At the parton level, the photon is monochromatic with energy E ≈ m b /2 in the b-quark rest frame. The energy is smeared by the motion of the b-quark inside the B meson and gluon emission. A measurement of the moments of this spectrum allows for a determination of the b-quark mass and of its Fermi motion. This information can then be used in the extraction of the CKM matrix elements |V cb | and |V ub | from inclusive semileptonic B decays [7] . A measurement of the low-energy tail of the photon spectrum is important in this context [8] .
Belle has previously measured the B → X s γ branching fraction with 5.8 fb −1 and 140 fb −1 of data using semi-inclusive [9] and fully inclusive approaches [10] , respectively. Other measurements include those from CLEO [11] and BaBar [12, 13, 14] .
Here we present an update of our fully inclusive measurement [10] , based on a much larger dataset and with significant refinements, which includes an unfolding of detector effects on the measured spectrum that improve the measurements of the branching fraction and spectral moments, respectively. We also extend the photon energy range to E c.m.s γ > 1.7 GeV, covering more of the spectrum than ever before, where c.m.s refers to the centre of mass system, which is equivalent to the rest frame of the Υ(4S).
The B → X s γ decay is studied using the Belle detector at the KEKB asymmetric e + e − storage ring [15] . The data consists a of sample of 604.6 fb −1 taken at the Υ(4S) resonance corresponding to (656.7 ± 8.9) × 10 6 BB pairs. Another 68.3 fb −1 sample has been taken at an energy 60 MeV below the resonance and is used to measure the non-BB background. Throughout this manuscript, we refer to these data samples as the ON and OFF samples, respectively.
The Belle detector is a large-solid-angle magnetic spectrometer described in detail elsewhere [16] . The main component relevant for this analysis is the electromagnetic calorimeter (ECL) made of 16.2 radiation lengths long CsI(Tl) crystals. The photon energy resolution is about 2% for the energy range relevant in this analysis.
The strategy to extract the signal B → X s γ spectrum is to collect all high-energy photons, vetoing those originating from π 0 and η decays to two photons. The contribution from continuum e + e − →(q = u, d, s, c) and QED type events is subtracted using the OFF sample. The remaining backgrounds from BB events are subtracted using Monte Carlo (MC) distributions scaled by data control samples. Photon candidates are selected from ECL clusters of 5 × 5 crystals in the barrel region (−0.35 ≤ cos θ ≤ 0.70, where θ is the polar angle with respect to the beam axis, subtended from the direction opposite the positron beam. They are required to have an energy E c.m.s γ larger than 1.4 GeV. We require 95% of the energy to be deposited in the central 3 × 3 crystal array and use isolation cuts to veto photons from bremsstrahlung and interaction with matter. The center of the cluster has to be displaced from any other ECL cluster with E > 20 MeV by at least 30 cm at the surface of the calorimeter, and from any reconstructed track by 30 cm, or by 50 cm for tracks with a measured momentum above 1 GeV/c. Moreover, the angle between the photon and the highest energy lepton in the event has to be larger than 0.3 radians at the interaction point.
In the Belle detector, a non-negligible background (1%) is due to the overlap of a hadronic event with energy deposits left in the calorimeter by previous QED interactions (mainly Bhabha scattering). Such composite events are completely removed using timing information for calorimeter clusters associated with the candidate photons. The cluster timing information is stored in the raw data, and is available in the reduced format used for analysis only for data processed after the summer of 2004. This divides our data set into 253.7 fb −1 and 350.9 fb −1 samples of reprocessed data without and with timing information, respectively. To minimise composite background due to Bhabha scattering and two-photon processes that contaminate both Υ(4S) and continuum data samples, we veto any candidate that contains an ECL cluster with energy exceeding 1 GeV within a cone of 0.2 radians in the direction opposite our photon candidate as measured in the c.m.s frame. In the second data set only photons that are in time with the rest of the event are retained. The efficiency of this selection on signal events is larger than 99.5%. We veto candidate photons from π 0 and η decays to two photons by combining each B → X s γ candidate photon with all other photons in the event. We reject the photon candidate if the likelihood of being a π 0 or η is larger than 0.1 and 0.2, respectively, these yield, on average, background suppression factors of 4 and 2, respectively. These likelihoods are determined from MC and are functions of the laboratory energy of the other photon, its polar angle θ and the mass of the two-photon system.
In order to reduce the contribution from continuum events, we use two Fisher discriminants calculated in the c.m.s frame. The first discriminant exploits the topology of B → X s γ events and combines three energy flows around the photon axis. These energy flow variables are obtained using all particles, except for the photon candidate, we measure the energy in the three regions defined by Θ < 30
• , 30
• , where Θ is the angle of the particle to the candidate photon. The second exploits the spherical shape of BB events and is built using ten event-shape variables including Fox-Wolfram moments [17] for the full event and for the partial event with the photon removed, the full-and partial-event thrusts and the angles of the thrust axis with respect to the beam and the photon direction. To optimise these selection criteria, we use a MC simulation [18] containing large samples of BB,and signal weighted according to the luminosities of the ON and OFF samples. In the optimisation step the signal MC used is generated as inclusive B → X s γ and exclusive B → K * γ. The inclusive component X s is defined as a resonance of spin-1 with a Breit-Wigner form and a mass of 2.4 GeV/c 2 and width 1.5 GeV/c 2 . The X s system is hadronised by JETSET and subsequently reweighted to match the prediction of the DGE model [19] [34] with m b (MS) = 4.20 GeV/c 2 , with the mass extending no lower than 1.18 GeV/c 2 to agree with the corresponding world average branching fractions [3] . To improve the understanding of the photon energy spectrum at low energies, the selection criteria are optimised to maximize the sensitivity to the signal in the energy bin 1.8 GeV < E c.m.s γ < 1.9 GeV. After these selection criteria we observe 4.15 × 10 6 and 0.25 × 10 6 photon candidates in the ON and OFF data samples, respectively. The spectrum measured in OFF data is scaled by luminosity to the expected number of non-BB events in ON data and subtracted. The formula used to subtract continuum background is as follows:
where ǫ is the efficiency of Belle's hadronic selection [20] or of this analysis' (B → X s γ) selection criteria in continuum events at either ON resonance ( √ s = 10.58 GeV)
or OFF resonance ( √ s = 10.52 GeV) energies, and α is the ratio of ON to OFF resonance integrated luminosity corrected for the energy difference (α = 8.7557(±0.3%)). The factors F E and F N compensate for the slightly lower mean energy and multiplicity of particles in OFF compared to ON events. We find F N = 1.0009 ± 0.0001, Table I . The net background of this type is a factor five greater than the signal.
For each of these categories we take the predicted background from MC and scale it according to measured yields wherever possible. The inclusive B → π 0 X and B → ηX spectra are measured in data using pairs of photons with well-balanced energies and applying the same ON−OFF subtraction procedure. The yields obtained in data are on average 10% larger and 5% lower for π 0 and η than MC expectations. The observed discrepancy between the measured and simulated π 0 η spectra is attributed to the branching fraction assumptions used for the generator [22] . Beam background is measured using a sample of randomly triggered events and added to the BB MC.
For each selection criterion and each background category we determine the E c.m.s γ -dependent selection effi- ciency in OFF-subtracted ON data and MC using appropriate control samples. We then scale the MC background sample according to the ratio of these efficiencies. The efficiencies of the π 0 and η vetoes for photons not from π 0 and η are measured in data using one photon from a reconstructed π 0 , where the other photon of the π 0 is excluded from the search over the remaining photons for the next best π 0 or η candidate (highest π 0 or η likelihood). Consequently the best formed π 0 or η candidate used in the calculation of the likelihoods is most likely a random combination, and therefore suited to measuring the effect of the vetoes. The π 0 veto efficiency is measured using a sample of photons coming from measured π 0 decays. We use partially reconstructed
where the π 0 is replaced by the candidate photon in the reconstruction. The η veto efficiency for photons from π 0 's and event-shape criteria efficiencies are measured using a π 0 anti-veto sample, which is made of photons with a π 0 likelihood larger than 0.75 (i.e, no π 0 veto) and passing all other selection criteria. Other efficiencies are measured using the signal sample. Beam background is negligible after the application of the OFF time veto. In the sample of data where the veto is unavailable we scale the background according to a comparison of yields between MC and data for high energy (E c.m.s γ > 2.8 GeV) photon candidates found in the endcaps of the ECL. This sample after continuum subtraction is a clean sample of ECL clusters from beam backgrounds.
The ratios of data and MC efficiencies versus E c.m.s γ are fitted using first or second order polynomials, which are used to scale the background MC. Most are found to be statistically compatible with unity. An example is the effect of the π 0 veto on photons from π 0 s that escape the veto in the partially reconstructed D * sample, which is shown in Fig. 3 .
An exception is the efficiency of the requirement that 95% of the energy be deposited in the central nine cells of the 5 × 5 cluster, which is found to be poorly modelled by our MC for non-photon backgrounds. We estimate the efficiency for data using a sample of candidate photons in OFF-subtracted ON data after subtracting the known contribution from real photons. This increases the yield of background (iv) by 50%. The yield from the six background categories, after having been properly scaled by the above described procedures, are subtracted from the OFF-subtracted spectrum. The result is shown in Fig. 4 . After these subtractions the yield in the spectrum above the endpoint of B decays is compatible with zero, 1245 ± 4349 candidates.
To measure the branching fraction and the moments we correct the raw spectrum using a three step procedure: (i) divide by the efficiency of the selection criteria i.e. the probability of a photon candidate passing cuts given a cluster has been found in the ECL, as a function of the measured energy in the c.m.s frame; (ii) perform an unfolding procedure based on the Singular Value Decomposition (SVD) algorithm [23] , which maps the spectrum from measured energy to true energy thereby undoing the distortion caused by the ECL; (iii) divide by the efficiency of detection i.e. the probability that a photon originating at the interaction point is reconstructed in the ECL, as a function of the true energy. Data are divided into 50 MeV wide bins.
Step (ii), which was not performed in our previous analysis, is essential for a consistent extraction of partial branching fractions and moments as a function of lower energy thresholds. The unfolding matrix, derived from signal MC, is calibrated to data using the results of a study of radiative di-muon events, which gave the ECL response in data and MC in an energy and acceptance range consistent with our analysis. We use five signal models: KN [24] , BLNP [25, 26] , DGE [27] , BBU [28] and GG [29] . Values of the parameters of the signal model used in the signal MC are derived from fits to the signal spectrum shown in Fig 4. The two error bars for each point show the statistical and the total error, including the systematic error which is correlated among the points. In order to obtain the total B → X s γ branching fraction we apply corrections for the contribution from Cabibbo suppressed B → X d γ decays. The ratio of the B → X s γ and B → X d γ branching fractions is assumed to be R d/s = (4.0 ± 0.4)% [30] . We apply corrections to derive the measurements in the Bmeson rest frame, using a toy MC approach. We generate photon 4-momentum in the rest frame of the B-meson using signal models referred to earlier, and generate Bmeson 4-momentum using their known fixed energy and 1 − cos θ 2 distribution in the c.m.s. Repeating this exercise many times yields photon energy spectra in the rest frame of the B-meson and the c.m.s, from which we extract corrections used to yield measurements in the Bmeson frame. The correction is derived as a mean over all signal models while the root-mean-square is assigned as the uncertainty. After correcting for the acceptance we derive distributions of the partial branching fraction, first moment (mean) and second central moment (variance) of B → X s γ as measured in the c.m.s and B rest frame for lower energy thresholds as shown in Fig. 5 . In the range from 1.7 to 2.8 GeV in the rest frame of the Bmeson, we obtain a partial branching fraction, and the first two moments of the energy spectrum:
where the errors are statistical, systematic and from the boost correction, respectively. The full results, the systematic error budget and correlation coefficients for five lower energy thresholds (E B γ = 1.7, 1.8, 1.9, 2.0, 2.1 GeV) are listed in Table II . The total systematic error is derived from a sum in quadrature over all sources. We vary the number of BB, the ON to OFF ratio of integrated luminosities and the correction factors applied to the OFF data photon candidates and assign the observed variation as the systematic associated with continuum subtraction. The parameters of the correction functions applied to the π 0 and η yields are varied taking into account their correlations. As we do not measure the yields of photons from sources other than π 0 's and η's in BB events, we independently vary the expected yields of these additional sources by ±20%. For the model dependence in correcting for the acceptance we use four signal models in addition to the default model, and assign the maximum deviation from the default as the uncertainty. The error on the photon detection efficiency in the ECL is measured to be 2% using radiative µ-pair events, and also affects the estimation of photons from BB. For the uncertainties related to the unfolding procedure, we vary the effective rank parameter up and down by one in the SVD algorithm.
In conclusion, we have measured the branching fraction and photon energy spectrum of B → X s γ in the energy range 1.7 GeV ≤ E c.m.s γ ≤ 2.8 GeV in a fully inclusive way. For the first time 97% of the spectrum is measured [31] allowing the theoretical uncertainties to be reduced to a very low level. Using 605 fb −1 of data taken at the Υ(4S) and 68 fb −1 taken below the resonance, we obtain B(B → X s γ : E B γ > 1.7 GeV) = (3.31 ± 0.19 ± 0.37 ± 0.01) × 10 −4 , where the errors are statistical, systematic and due to the boost correction, respectively. This result is in agreement with the latest theoretical calculations [1, 2, 27] . The results can be used to place constraints on new physics [32] and determine SM parameters such as the b-quark mass [33] .
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